Wound healing is a complex and dynamic process of restoring cellular structures and tissue layers. The human adult wound healing process can be divided into 3 distinct phases: the inflammatory phase, the proliferative phase, and the remodeling phase. Within these 3 broad phases is a complex and coordinated series of events that comprise the phenomena of exposure of platelets to collagen, release of clotting factors like cytokines (plateletderived growth factor (PDGF) and transforming growth factor beta (TGF-ß), phagocytosis to remove foreign materials, migration of fibroblasts, angiogenesis and collagen deposition (Lawrence., et al., 1994 , Kim., et al., 1998 , Gillitzer., 2001 ). Fibroblasts and endothelial cells are the major cells involved in the process of wound healing. Endothelial cells play a major role in angiogenesis which require activation of proangiogenic factors. Above mentioned processes are orchestrated in a controlled manner by a variety of growth factors (Ozturk et al.,2004) . The culmination of these biological processes results in the replacement of normal skin structures with fibroblastic mediated scar tissue.
Much more insight into the pharmacological functions and mechanisms of Hemigraphis alternata are required with experimental evidences to support its use as a wound healing agent. In this study we attempted to study the effect of Hemigraphis alternata extract on the cell migration and proliferation of fibroblast cells and endothelial cells and selective expression of proangiogenic marker mRNA of endothelial cells in the presence of the plant extract.
MATERIAL AND METHODS

Plant materials and chemicals
Tissue culture grade Dulbecco's modified Eagle's medium -High glucose (DMEM-LG), Dulbecco's phosphate buffered saline (DPBS), Trypsin-EDTA, Fetal bovine serum (FBS), Foetal calf serum (FCS)-Hyklon and Penstap were purchased from Invitrogen (India & USA). Dimethyl sulphoxide (DMSO) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) are from sigma (USA). All culture media were supplemented with 1x Penstap and 10% FBS. The molecular biology chemicals were purchased from Fermentas. The cell line L929 was supplied by National Centre for Cell Sciences (NCCS) Pune, India. Umbilical cords were collected from Hospitals with informed consent of the donor. Plant Hemigraphis alternata was collected from different localities of Trivandrum in Kerala, India. The plant material was identified by standard taxonomical methods using flora of Madras. The voucher specimen is preserved as herbarium sheet no .1 in the institute.
Extraction of plant materials
100 g of Hemigraphis plants were surface sterilized with sodium hypochlorite and water sterilized in Millipore water. The washed leaves were ground into a paste using an electric blender with 200 ml of Millipore water, filtered and lyophilized to get brown powder. The extract powder is dissolved in DMEM -HG at the ratio of 50 mg /10 ml. The protein content and carbohydrate content in the extract was quantified by Biuret and Anthron reagent respectively as per the standard protocol (Layne 1957 , Morris 1948 
Isolation and characterization of Human Umbilical Vein Endothelial Cells
Human umbilical cords (15-20 cm) were collected and stored for up to 12 h at 4 °C in medium 199 containing penicillin (50 units/ml)/streptomycin (50 µg/ml).Venous endothelial cells were harvested by collagenase digestion as originally described by Jaffe et al.,.(1973) . The cells from each cord were plated out in Nunc 25-cm 2 tissue-culture flasks, sub cultured and seeded onto 20 mm x 11 mm glass coverslips All processed involved incubation of cells at 37 °C in an humidified atmosphere of air/CO2 (19:1). Cells on coverslips were processed and immunofluorescently labeled by the sequential antibody staining method. Purified anti-VWF monoclonal was used as primary antibody. Fluorescein isothiocyanate (FITC) conjugated chicken IgG were the secondary antibodies (diluted at 1:200).
Assay of cell proliferation
The dry crude extract powder was redissolved in DMEM with out serum before preparing serial half-log 10 dilution in a 0.15 mg/ml to 5.5 mg/ml range. Proliferation was assayed using tetrazolium dye (MTT) (Mosmann, 1983 , Niks, 1990 . Fibroblast and endothelial cell monolayers (L929) in culture were trypsinized and washed with culture medium. The cells were plated at 1500 cells/ well in 96-well flat-bottomed plate. After a 24 hr preincubation period, extract duplicates were incubated for 24, 48, 72 hr at 37 o C in a humidified incubator with 5% CO2, the supernatants were removed from all wells and 25 µl of MTT was added, incubated for 2 hr at 37°C. The absorbance was read at 570 nm on UV-Vis spectrophotometer (Cary 100) .
Hoechst staining
Fibroblast cells were seeded on to glass cover slips. After 72 hours of treatment with aqueous extract, the media was aspirated from the cell, fixed and stained with diluted Hoechst 33258 and photographed in fluorescent microscope (Leica -DMIL) at 340-380 nm.
Wounding assays (Analysis of Cell Migration)
Fibroblasts were grown to confluence in 24 -well plates and wounded with a P200 pipette tip. After washing, plates were treated with different concentration of extracts. At an interval of 24 hours, the monolayer were photographed and wound width was measured using Qwin software.
Ammonium sulphate precipitation
For purification 10 g of aqueous powder was homogenized in 50 ml of 150 ml 50 mM potassium phosphate buffer pH.7 , filtered, centrifuged and fractionated by (NH 4 ) 2 SO 4 precipitation at 20,40,60,80 and 100% saturation. The precipitate was centrifuged, dialyzed and lyophilized to get the partially characterized protein.
Molecular weight determination of the active fraction
PAGE was carried out in a Genei mini model slab gel apparatus following the method of (Laemmli 1970) The protein content was estimated by the method of (Bradford 1976 ) The protein bands were located using coomassie brilliant blue stain.
Total-RNA extraction from endothelial cultures
RNA was isolated using trizole (Invitrogen 16096-020) reagent following the instruction manual of the kit. The total RNA was pelleted at 15,000 x g for 15 min at 4°C. The pellet was washed with 70% ethanol and resuspended in 30 µl of sterile DEPCtreated water. The sample was stored at -80°C until use. The RNA was quantified using nanodrop spectrophotometer (Nanodrop 8000).
Reverse transcription polymerase chain reaction (RT-PCR)
RT-PCRs were conducted using a Eppendorf PCR system (Eppendorf Canada) as per the instructions on the kit. For two-step RT-PCR, each reaction mixture (10 µl) contained 2 µl of firststrand buffer (fermentas), 0.3 mM deoxynucleoside triphosphates (dNTP), 5 ng of the random hexamer (fermentas) µl-1, 20 U of RNaseOUT, 10 mM dithiothreitol, 100 U of SuperScript II RNase H reverse transcriptase (fermentas), and 3 to 5 µl of RNA. The reaction mixture was incubated first at 42°C for 50 min and then at 70°C for 15 min. PCR assay was performed for 45 cycles with conditions, 95°C for 30 s, 52°C for 1 min, and 72°C for 45 s.
Statistical analysis
All the quantitative data were analyzed by Student's t -test and significance was assumed for P-values lower than 0.05.
RESULTS
Effect of AEHA on fibroblast and endothelial cell proliferation
Effect of aqueous plant extract in fibroblast and endothelial proliferation was assayed by growing L929 monolayer in different concentration of the aqueous extract of Hemigraphis alternata (AEHA). The aqueous extract after filtration revealed the presence of 0.3mg/ml protein and 0.07mg/ml carbohydrate. Human fibroblast cell lines showed a dose dependent stimulation of growth by the AEHA in a serum free DMEM HG and serum containing DMEM HG. The untreated cells grown in DMEM HG with serum and with out serum were used as control experiment. The proliferative growth of cells was assayed by MTT method. The proliferative growth of cells in a range of concentration of AEHA with and without serum is shown in figure 1A and B. Enhancement in cell growth was observed from day 3 onwards on addition of the specific concentrations of AEHA between 0.15 mg/ml and 5.5 mg/ml. The optimal proliferation was observed for a concentration greater than 2.5 mg/ml irrespective to the presence or absence of serum. Endothelial cells isolated from human umbilical veins were identified with their cobblestone morphology and von willerbrand factor fluorescent antibody. The endothelial cells were also treated with the optimum concentration of AEHA as observed from fibroblast proliferation studies. Endothelial cells seeded at a density of 1500 cells per well in a 96 well plate and treated with different concentration of AEHA. AEHA at a concentration of 2.5mg/ml significantly increased cell proliferation by 50%. The concentration of 2.5mg/ml was found to be optimum concentration. The experiment was also done in serum free media, but endothelial cells do not survive long in the absence of serum. Media containing 20ng/ml VEGF was used as the positive control and media with out AEHA or VEGF was used as the negative control. A significant change in growth was observed from day 3 onwards in the cells treated with AEHA compared to negative control (Fig 1D) . The cells grown in AEHA depict a slightly elongated morphology.
Effect of protein from Hemigraphis alternata on cell proliferation
The protein from AEHA were fractionated and proliferative effect of each protein fraction was assayed, to study the involvement of proteins present in AEHA on cell proliferation. The total protein fraction showed a proliferative effect Among the protein fractions, 0-20%, 20-40%, 40-60%, 60-80% and 80 -100% assayed, only 60% fraction revealed a proliferative effect at a concentration of 20mg/ml. To pin point the effect of this 60% protein fraction, only 60% precipitate was removed from AEHA by salting out. The cells grown in AEHA devoid of the 60% protein showed less proliferation (Fig  2A) . Figure 2B demonstrates the comparison of proliferation of AEHA, 60% protein and AEHA devoid of protein. Though the protein fractions showed a proliferative effect, the rate of proliferation was insignificant as compared to the aqueous extract. The protein fractions had no effect on endothelial cells.
Effect of AEHA on Cell migration
Stimulation of cell migration by AEHA and the protein fraction was performed by scratch wound assay using fibroblast L929 cell lines. Fibroblast cultures were maintained still confluence. Confluent cultures were wounded with P 200 pipette tips. The initial wound width was measured as 526 mm. Migration was measured as the reduction in wound width over a period of time 24, 48 and 72 hrs ( Fig  3A & B) . As shown in the figure, AEHA stimulated the migration of fibroblasts to about 60% compared to the control. The same experiment was repeated with protein fractions. The protein fractions showed only little effect in wound healing in comparison to that of the aqueous extract.
Semi quantitative RT-PCR expression of angiogenic markers
Angiogenesis plays a significant role during wound healing. Since endothelial cells showed significant increase in proliferation in the presence of AEHA and the plant is known for its wound healing properties, the expression of angiogenic markers on endothelial cells in the presence of AEHA were quantified by RT-PCR analysis. The primers were developed using primer 3 software and synthesized from eurogentec, Belgium. Table 1 . The markers amplified are KDR, FLT 4, CD31 and VE Cadherin.
The difference in amplification pattern is revealed in agarose gel (Fig.4) .
DISCUSSION
Wounds in the tissues undergo a complex and ordered series of events like infiltration of inflammatory immune cells to destroy necrotic tissues, increased vascularization by angiogenic factors, increased cell migration, enhanced cell proliferation and extra cellular matrix deposition to repair tissue. Irrespective of their different origins, fibroblast also play an important role in wound healing through migration, proliferation, contraction and collagen production and through association of different protein matrix. In this study we have shown the invitro effect of Hemigraphis alternata in proliferation and migration of fibroblast cells. Fibroblast cell cultures have been proposed as a method for testing wound healing activity invitro (Graham., et al., 1984) . Despite a history of Hemigraphis alternata in oriental medicine as a wound healing agent, there is little experimental evidence supporting this speculation. MTT assay revealed moderately enhanced proliferation of fibroblast and endothelial cells when treated with AEHA. The extracts of different plant extracts such as Uncaria rhynchophylla (Choi., et al., 2005) , Emblica officianalis and Hedychyum spicatum (Dev 1999 ) are reported to have an inducing effect on the growth of endothelial cells as well as fibroblast cells (Steenkamp et al.,2004) . The alcoholic extract of Tinosporia cordifolia is also reported to have an effect in the proliferation and myeloid differentiation of bone marrow precursor cells (Singh et al., 2006) . To determine the growth effect of AEHA more precisely and to significantly check the role of serum in AEHA action, proliferation experiments were carried out with AEHA in serum supplemented and serum free medium. In both cases, the concentration of AEHA showed an increased performance from a concentration of 2.5mg/ml or greater in serum free medium and serum containing medium. Hence it is inferred that both in the presence and absence of serum, the different molecules of AEHA are expected to synergistically aid the action of cell proliferation. The proliferative action of the extract can be correlated to the absorbance (OD) value obtained control-0.421, without serum-0.749 and with serum-1.27nm. Only 60% protein precipitate from AEHA showed a proliferation as exhibited from figure 2A & B and confirmed to be a protein having molecular weight of 21.8 kD. The proliferation of AEHA is a synergistic effect of the 60% protein and other water soluble molecules like amino acids, flavenoids and other alkaloids. It is tempting to speculate that the influence of AEHA on optimum cell growth points to the direct involvement of the AEHA in cell metabolism. The enhancement in cell number in the presence of AEHA can be visualized by the increase in the nuclei stained with Hoechst dye. The 21.8 kD protein falls in the molecular weight range of other growth factors VEGF -38.2 kDa, EGF-6kDa etc. So we hypothesize that this protein may be mimicking some growth factors since the presence of protein is also found to be necessary for the action of AEHA in the case of fibroblast cells. However while the aqueous extract (AEHA) showed a significant increase in endothelial cell proliferation, the protein fractions showed no proliferation effect on endothelial cells. Thus its quiet clear that the aqueous crude extract of the plant also contain some minor fraction of constituents that synergistically work with the protein fraction of the extract in inducing wound healing since AEHA is having significant effect on both fibroblasts and endothelial cells.
Scratch wound cell migration assay revealed the positive effect of the aqueous extract in cell migration (60% migration). We found that wound healing was observable between 3 and 24 hrs after wounding with a pipette tip, significant cell migration could be seen at 3 hrs with lamella and protrusions at the wound margin. The cell migrations in the presence of different fractions of proteins were also assayed. The protein fractions revealed a migration below 15%. Since AEHA showed cell migration and protein fraction did not, it is expected that some other water soluble molecules could also be promoting cell migration.
Wound angiogenesis is an important part of the proliferative phase of healing; with the appearance of the prominent blood vessels of the initial connective tissue formed in the wound space. The increased expression of FLT Yost et al.,1996) . Cell adhesion is also important in angiogenesis. The adhesion and migration processes are maintained by the joint action of PECAM and VE Cadherin. Hence the over expression of PECAM and VE Cadherin when treated with AEHA correlates to the role of the extract on endothelial cell migration and adhesion for wound healing.
The wound healing property known about Hemigraphis alternata can be due to this proliferation and migration of endothelial and fibroblast cells. Since AEHA is inducing proliferation of fibroblast cells and endothelial cells, the promitotic effect of the extract could be one of the reasons for wound healing activity of this plant. As the angiogenic markers are expressed in endothelial cells, the plant extract is also expected to promotes angiogenesis which is a significant part of wound healing. Thus the findings clearly evaluate the effectiveness of the plant extract as a potential wound healing agent. The less effectiveness of protein fraction compared to AEHA suggests different molecules in the plant are synergistically acting on wound healing. These data present the first in vitro evidence that Hemigraphis alternata significantly induces wound healing. In addition it is expected that this study will allow better understanding of the herbal drug promoted migration and proliferation in wound healing. Quantitative characterization of AEHA for different active components in detail and effect of these components in mammalian cells are the future research objectives regarding this plant.
